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HYBRID MISSION EFFECTS ON THE LO1 PHASE OF THE 

t 

APOLLO 11 (MISSION G )  ABORT PLAN 

By Charles E. Foggatt and Dallas G.  Ives  

1.0 SUMMARY 

The e f f e c t s  on t h e  LO1 abor t  requirements caused by t h e  use of a 
hybrid t r a n s l u n a r  t r a j e c t o r y  are discussed. The ne t  r e s u l t  i s  t h a t  t h e  
complete DPS backup t h a t  e x i s t s  for  a f r ee - r e tu rn  mission does not  
n e c e s s a r i l y  e x i s t  f o r  a hybrid mission. 
1 minute may occur during t h e  LO1 burn during which t h e  DPS does not 
have t h e  c a p a b i l i t y  t o  r e t u r n  t h e  spacec ra f t  t o  e a r t h  a f te r  an SPS 
fa i lure .  
region of burn t ime ,  a d d i t i o n a l  procedures which use both t h e  DPS and 

A region poss ib ly  as l a r g e  as 

(The nominal LO1 burn t i m e  i s  approximately 6 min.) For t h i s  

APS engines are considered which provide t h e  necessary AV t o  abor t .  

I n  a d d i t i o n ,  Darametric abort  d a t a  a r e  included f o r  two launch 
days ( J u l y  21, 1969, and September 13, 1969), and t h e  v a r i a t i o n  i n  t h e  
LO1 abor t  requirements throughout a t y p i c a l  d a i l y  launch window when 
launch i s  delayed i s  shown. 

2.0 INTRODUCTION 

I n  t h e  ope ra t iona l  abor t  plan f o r  Apollo 11 (Mission G )  ( r e f .  l ) ,  
t h e  abor t  procedures and supporting parametr ic  d a t a  w e r e  presented f o r  
a l l  phases of a luna r  landing mission, excluding a b o r t s  during l u n a r  
landing operat ions.  The d a t a  were based on a nominal J u l y  16, 1969, 
launch d a t e  with a 72' launch azimuth and T L I  planned f o r  t h e  first 
opportuni ty .  The changes t o  t h e  abort  da t a  f o r  a b o r t s  which occured 
l a t e r  i n  t h e  A ~ o l l o  11 (Mission G )  launch window were documented i n  t h e  
launch window e f f e c t s  document ( r e f .  2 ) .  

The primary change i n  abor t  data throughout t h e  Apollo 11 (Mission G )  
launch window i s  caused by a requirement f o r  a hybrid luna r  mission i f  
launch occurs J u l y  2 1  or l a te r .  A complete d e s c r i p t i o n  of t h e  hybrid 
mission r a t i o n a l e  i s  not included i n  t h i s  document, bu t  it s u f f i c e s  to 
say t h a t  t h e  r e s u l t a n t  t r a n s l u n a r  t r a j e c t o r y ,  un l ike  f r ee - r e tu rn  t r a j e c -  
t o r i e s ,  r equ i r e s  a s u b s t a n t i a l  t h r u s t  maneuver t o  r e t u r n  t h e  spacec ra f t  
t o  e a r t h  i n  t h e  event LO1 i s  not performed. 
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The most s i g n i f i c a n t  change i n  t h e  abor t  c a p a b i l i t y  caused 
i n c l u s i o n  of t h e  hybrid mission occurs i n  t h e  LO1 abor t  phase. 
document, t h e  reasons are discussed f o r  t h e  s i g n i f i c a n t  changes 

by t h e  
I n  t h i s  
i n  t h e  

LO1 abor t  requirements which were b r i e f l y  mentioned i n  r e fe rence  2 ,  and 
p e r t i n e n t  d a t a  are presented f o r  two s p e c i f i c  launch days ( J u l y  21, 1969, - 

and September 13, 1969) .  
as launch i s  delayed during t h e  d a i l y  launch window are discussed.  

F i n a l l y ,  t h e  changes i n  LO1 abor t  requirements 

This  document and i t s  r e l a t i o n  t o  o t h e r  Apollo 11 (Mission G )  
m i l e  s t  ones 

AOL 

APS 

C SM 

DPS 

DVM 

FCUA 

g . e . t .  

GETL 

LM 

LO I 

MPL 

RCS 

REFSMMAT 

SM 

SPS 

TAZ 

for t h e  Contingency Analysis Sect ion are shown i n  appendix A .  

3.0 SYMBOLS 

A t l a n t i c  Ocean l i n e  (recovery)  

ascent propuls ion subsystem 

command and s e r v i c e  modules 

descent propulsion subsystem 

Lo1  AV magnitude 

f u e l - c r i t i c a l  unspecif ied area 

ground elapsed t i m e  

ground elapsed t i m e  of landing 

lunar  module 

lunar o r b i t  i n s e r t i o n  

mid-Pacific l i n e  (recovery)  

r e a c t i o n  c o n t r o l  subsystem 

transformation matr ix  from i n e r t i a l  t o  s t a b l e  member 

s e r v i c e  module 

s e r v i c e  propulsion subsystem 

t i m e  from abort  t o  landing 



TEI 

T L I  

tD 

AV 

Avl 

t r a n s e a r t h  i n j e c t i o n  

t r a n s  luna r  i n  j e c t  i on 

delay t i m e  t o  abor t  

d e l t a  v e l o c i t y  3 

3 

AV of mode I1 cor rec t ive  maneuver 

4.0 ABORTS DURING LO1 

4.1 C h a r a c t e r i s t i c s  of T r a j e c t o r i e s  That Resul t  
From Premature LO1 Shutdown 

The discussion i n  r e fe rence  1 of t h e  c l a s s e s  of t r a j e c t o r i e s  af ter  
an SPS fai lure  during LO1 a p p l i e s  here .  The a c t u a l  burn t imes for each 
c l a s s  of t r a j e c t o r y  i s  a func t ion  of t h e  launch d a t e ,  b u t  t h e y  are 
approximately as follows. 

1. Hyperbola: LOI-1  i g n i t i o n  t o  LOI-1  i g n i t i o n  p l u s  2 minutes 

2. Unstable e l l i p s e :  LOI-1 i g n i t i o n  p l u s  2 minutes t o  LOI-1 igni-  
t i o n  p l u s  3 minutes 

3. S tab le  e l l i p s e :  LOI-1 i gn i t i on  p lus  3 minutes t o  LOI-2 shutdown 

One important d i f f e r e n c e  t h a t  should be noted he re  i s  t h a t  t h e  
i n i t i a l  hyperbola of c l a s s  1 (burn t i m e  = 0 s e e )  i s  no longer a 
f r ee - r e tu rn  t r a j e c t o r y  but requires  a s u b s t a n t i a l  AV t o  r e t u r n  t o  e a r t h .  
A s  w i l l  be  shown i n  subsequent s ec t ions ,  t h i s  i n i t i a l  AV i s  important 
because it can be used t o  es t imate  LO1 abor t  c a p a b i l i t y .  

4 .2  General Abort Modes 

Lunar phase abort  maneuvers fo r  Apollo 11 Mission G are of t h r e e  
b a s i c  types.  

1. Mode I - a one-impulse maneuver t h a t  r e t u r n s  t h e  spacec ra f t  
d i r e c t l y  t o  e a r t h .  The burn is i n i t i a t e d  as soon as poss ib l e  a f te r  LO1 
tempination t o  reduce t h e  necessary AV. 
t o r y  c l a s s  i s  t h e  hyperbolic region ( f i g .  1). 

The app l i cab le  preabort  t r a j e c -  
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2. Mode I1 - a two-impulse maneuver t h a t  n e c e s s i t a t e s  one i n t e r -  
mediate lunar o r b i t .  The f i r s t  impulse i s  d i r e c t e d  down t h e  r a d i u s  
vector  and i s  i n i t i a t e d  as soon as p o s s i b l e  a f t e r  LO1 terminat ion.  The 
burn reduces t h e  o r b i t a l  per iod and provides a stable intermediate  o r b i t .  
The second burn occurs near  pe r i lune  and i n j e c t s  t h e  spacec ra f t  on t h e  
t r a n s e a r t h  t r a j e c t o r y  ( f i g .  2 ) .  

3. Mode I11 - a one-impulse maneuver i n i t i a t e d  near  p e r i l u n e  a f t e r  
a one or more o r b i t s  (similar t o  t h e  normal TEI b u r n ) .  This mode i s  used 

when c l a s s  I11 (s table  e l l i p s e )  t r a j e c t o r i e s  occur.  By d e f i n i t i o n ,  t h e  
preabort  period i s  less than 15 hours ( f i g .  3 ) .  

Although t h e  normal abor t  modes of t h e  preceding paragraphs are 
s u f f i c i e n t  t o  provide a complete abor t  c a p a b i l i t y  for t h e  nominal J u l y  16 
( f r ee - r e tu rn )  mission, it w i l l  be seen t h a t  a d d i t i o n a l  procedures a r e  
r equ i r ed  for t y p i c a l  hybrid missions.  

The most acceptable  procedure considered he re  involves  use of  both 
t h e  DPS and APS engines i n  t h e  docked configurat ion t o  provide t h e  
necessary AV. Thus, mode I i s  modified t o  include a DPS burn t o  dep le t ion  
followed by descent s t a g e  j e t t i s o n  and an APS burn. The mode I1 second 
burn i s  s i m i l a r l y  modified. A more extreme abor t  procedure i s  discussed 
i n  appendix B. The procedure c o n s i s t s  of an SM j e t t i s o n  and i n i t i a t i o n  
of a docked DPS burn f o r  a fast  e a r t h  r e t u r n .  

The ope ra t iona l  f e a s i b i l i t y  of t h e  two a d d i t i o n a l  abort  procedures 
i s  beyond t h e  scope of  t h i s  document. 
i n  t h e  c r i t i c a l  region could be ca t a s t roph ic  un le s s  a d d i t i o n a l  abor t  
c a p a b i l i t y  i s  provided, d a t a  f o r  both procedures are included. 

However, because an SPS fa i lure  

4.3 Comparison of Hybrid and Free-Return 
LO1 Abort Capab i l i t y  

The DPS abort  backup f o r  SPS fa i lures  during LO1 i s  s i g n i f i c a n t l y  
a f f e c t e d  by t h e  pre-LO1 t r a j e c t o r y  c h a r a c t e r i s t i c s .  
t r a j e c t o r y  r e s u l t s  i n  a lower energy hyperbola than  i t s  f r ee - r e tu rn  
counterpar t .  Because t h e  spacecraf t  has a lower v e l o c i t y  a t  any po in t  
t han  a free-return t r a j e c t o r y ,  a higher  AV must be appl ied t o  i n j e c t  it 
i n t o  a s a t i s f a c t o r y  t r a n s e a r t h  coas t .  I n  a d d i t i o n ,  t h e  i n i t i a l  l u n a r  
hyperbola (LO1 burn = 0 s e e )  i s  o r i en ted  i n  a clockwise d i r e c t i o n  s e v e r a l  
degrees from t h e  f r ee - r e tu rn  hyperbola when viewed from t h e  no r th .  
o r i en ta t ion  i s  undesirable  from t h e  abor t  s tandpoint  because it inc reases  
t h e  required abor t  AV. 

The hybrid t r a n s l u n a r  

This 

The inc rease  i n  t h e  abor t  requirements can b e s t  be i l l u s t r a t e d  by 
a comparison of t h e  f u e l - c r i t i c a l  abor t  A V ' s  f o r  a t y p i c a l  f r ee - r e tu rn  
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and a hybr id  lunar mission. 
July 16, 1969, f ree- re turn  lunar mission are shown i n  f i g u r e  4(a) .  
t h i s  mission, a DPS backup e x i s t s  throughout t h e  LO1 burn. S imi la r  da t a  
f o r  a J u l y  21, 1969, hybrid m i s s i o n  are shown i n  f i g u r e  4 ( b ) .  

The FCUA abor t  so lu t ions  f o r  t h e  nominal 
For 

Two bas i c  d i f fe rences  i n  t h e  f i g u r e s  a r e  t h e  following. 

a .  The mode I AV requi red  begins at 930 fps  f o r  t h e  hybrid 
(t 
s lope  of t h e  AV curves a re  very s imi l a r ,  t h e  hybrid mode I abor t  capabi- 

l i t y  ends a t  l m l O S  compared t o  1 57 

= 2 h r )  compared t o  0 fps  f o r t h e  f ree- re turn  case .  Because t h e  D 

m s  f o r  t h e  f ree- re turn  case.  

b .  Because of t h e  undesirable o r i e n t a t i o n  of t h e  hybrid premature 

shutdown t r a j e c t o r i e s ,  t h e  mode I1 abor t  c a p a b i l i t y  begins a t  lm56s f o r  

t h e  hybrid mission while t h e  f ree- re turn  case begins  a t  lm38’. 
t i o n ,  t h e  AV reserves  f o r  t h e  mode I1 and mode I11 regions are much 
smaller f o r  t h e  hybrid mission than they  are f o r  t he  f ree- re turn  case .  

I n  addi- 

The ne t  resu l t  i s  t h a t  t h e  mode I/mode I1 overlap which i s  ava i l ab le  
f o r  t h e  nominal Ju ly  16, 1969, mission ( r e f .  1) does not e x i s t  f o r  t h i s  
t y p i c a l  hybrid mission ( Ju ly  21, 1969). 
appears i n  which ne i the r  DPS abort  i s  poss ib le .  Note t h a t  t h i s  gap region 
i s  a func t ion  of t h e  s p e c i f i c  hybrid t r a j e c t o r y  chosen and may be 
est imated once t h e  abort  AV f o r  a no-LOI-burn case i s  es tab l i shed .  This 
s i t u a t i o n  w i l l  be  i l l u s t r a t e d  i n  subsequent s ec t ions .  

I n  f a c t ,  a region of 48 seconds 

4.4 Abort Capabi l i ty  f o r  Nominal J u l y  21, 1969, Hybrid Lunar 
Mission (72O azimuth, f i r s t  opportuni ty)  

The f irst  day i n  t h e  Apollo 11 (Mission G )  launch window when a 
hybrid lunar  mission i s  planned i s  J u l y  21, 1969. 
abor t  c a p a b i l i t y  ava i lab le  when t h e  normal LO1 abort  modes are used i s  
summarized, and t h e  capab i l i t y  of t h e  DPS/APS abor t  procedures mentioned 
i n  sec t ion  4.2 i s  discussed.  

I n  t h i s  s e c t i o n ,  t h e  

The instantaneous conic parameters during t h e  LO1 burn f o r  a Ju ly  21, 
1969 launch a r e  shown i n  f i g u r e  5 .  
t h a t  t h e  mode I11 region ( c l a s s  3 t r a j e c t o r i e s )  begins at  2m40S i n t o  t h e  
burn when t h e  preabort  o r b i t a l  period i s  1 5  hours.  
a s t a b l e  lunar  e l l i p s e  i s  establ ished.  The LO1 AV magnitude i s  shown i n  
f i g u r e  6 as a func t ion  of SPS burn t i m e .  

From t h e  f i g u r e ,  it can be determined 

A t  t h i s  o r b i t a l  per iod ,  
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The FCUA abor t  AV 
r i z e d  i n  f igu re  4 ( b ) .  
DPS/APS AV i s  shown i n  

requirements f o r  t h e  e n t i r e  LO1 burn are summa- 
I n  a d d i t i o n  t o  t h e  DPS AV a v a i l a b l e ,  t h e  t o t a l  
t h e  f i g u r e .  A s  mentioned i n  s e c t i o n  4.3,  a gap 

of 48 seconds e x i s t s  where t h e  DPS AV i s  exceeded, and a d d i t i o n a l  A? - 

i s  required.  I n  t h i s  r eg ion ,  t h e  DPS/APS abor t  procedure discussed i n  
s e c t i o n  4.2 could be  i n i t i a t e d  t o  provide a success fu l  a b o r t .  

t h e  mode I r eg ion  could be  extended t o  an LO1 burn of 1m48s (with a l l  
a v a i l a b l e  APS prope l l an t  being used)  before  a mode I1 a b o r t  i s  r equ i r ed ,  

t h e  highest  APS AV a c t u a l l y  needed i s  400 f p s  or brnlOs of APS burn 

du ra t ion .  
burn when t h e  mode I and mode I1 l i n e s  c r o s s .  

Although 

The need f o r  t h e  h ighes t  APS AV occurs a t  lm30S i n t o  t h e  LO1 

The abort  AV r equ i r ed  f o r  r e t u r n s  t o  t h e  MPL f o r  a l l  t h r e e  modes of 
abor t  i s  summarized i n  f i g u r e  7. Although MPL r e t u r n s  a r e  poss ib l e  
throughout t h e  burn when t h e  APS AV i s  a v a i l a b l e ,  comparison of 
f i g u r e s  4 (b )  and 7 shows t h a t  a much l a r g e r  APS AV i s  r equ i r ed  f o r  an 
MFL r e t u r n  t han  f o r  FCUA r e t u r n s .  
mode I and mode I1 abor t s  of f i g u r e  4 ( b )  are shown. 
and AOL are ind ica t ed  i n  t h e  f i g u r e .  Although an MPL r e t u r n  would be 
p r e f e r r e d ,  t h e  f i g u r e  can be used t o  estimate an a l t e r n a t e  landing area 
c l o s e r  t o  t h e  FCUA r e t u r n  po in t  i f  abor t  AV i s  t o  be minimized. 

I n  f i g u r e  8 ,  t h e  GETL's f o r  t h e  FCUA 
The GETL a t  t h e  MPL 

The c h a r a c t e r i s t i c s  of t h e  mode I1 abor t  required f o r  a J u l y  21, 1969, 
mission are  shown i n  f i g u r e s  9 ( a )  through 9 ( d ) .  The c o r r e c t i v e  burn AV 
magnitude i s  shown i n  f i g u r e  9 ( a )  as a func t ion  of LO1 burn t i m e .  Note 

t h a t  FCUA mode I1 a b o r t s  p r i o r  t o  lm58' would r e q u i r e  an APS burn a f t e r  
a second DPS burn which. used t h e  remaining DPS p rope l l an t .  
mode I1 f i rs t  burn i s  nominally a t  LO1 i g n i t i o n  p lus  2 hours,  t h e  maximum 
allowable time t o  delay abort  i g n i t i o n  i s  shown i n  figure 9 ( b ) .  
delays l a t e r  t han  t h i s  maximum t ime,  a pe r i lune  a l t i t u d e  of l e s s  t han  
40 n.  m i .  would r e s u l t  i n  t h e  intermediate  e l l i p s e  i f  the nominal AV, 

were applied.  However, i f  a higher  AV1 were used, an acceptable  p e r i l u n e  

could r e su l t ;  although t h e  t o t a l  mode I1 AV would be increased.  The t i m e  
from t h e  co r rec t ive  maneuver t o  pe r i lune  and t h e  pe r i lune  a l t i t u d e  of t h e  
intermediate e l l i p s e  are shown i n  f i g u r e s  9 ( c )  and g ( d ) ,  r e s p e c t i v e l y .  
Data are shown f o r  a co r rec t ive  maneuver i n i t i a t e d  a t  2 hours and at 
5 hours past  LO1 i g n i t i o n .  It can be seen t h a t  t h e  t i m e  t o  p e r i l u n e  i s  
s l i g h t l y  a f f ec t ed  as t h e  abor t  i s  delayed, b u t  t h e  primary e f f e c t  i s  a 
reduct ion i n  pe r i lune  a l t i t u d e .  

Although t h e  

For 

The mode I abor t  and mode I1 c o r r e c t i v e  maneuver i g n i t i o n  t i m e s  a r e  
determined by LM a c t i v a t i o n  t i m e s  because an e a r l y  burn i s  d e s i r a b l e .  

4 
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However, t h e  mode I1 second DPS burn and Mode I11 abort i g n i t i o n  t ime 
a r e  determined by t h e  per iod  o f t h e  luna r  o r b i t  achieved and a r e  shown 
i n  f i g u r e  10.  

To summarize t h e  LO1 abor t  c a p a b i l i t y  f o r  a J u l y  21, 1969, hybrid 
luna r  mission from a AV s tandpoint ,  t h e  LM propuls ion  systems have t h e  
performance c a p a b i l i t y  t o  r e tu rn  t h e  spacec ra f t  t o  e a r t h  f o r  an SPS 
f a i l u r e  anywhere i n  t h e  LO1 burn. However, t h e  DPS cannot provide t h e  

m s  necessary AV i n  a region from 1 10 It has been 
shown t h a t  t h e  APS has t h e  add i t iona l  AV c a p a b i l i t y  requi red  t o  abor t  
i n  t h i s  c r i t i c a l  region of t h e  burn. 

t o  lm58' i n  t h e  burn. 

To r e i t e r a t e  t h e  d iscuss ion  of s e c t i o n  4 .2 ,  t h e  ope ra t iona l  f e a s i -  
b i l i t y  of t h e  DPS/APS abor t  procedure has  not  been e s t a b l i s h e d  t o  da t e  
because c o n t r o l  problems may occur during t h e  APS burn. However, a 
CSM/LM APS burn has  been successfu l ly  s imulated,  and procedures a r e  
be ing  formulated.  The abor t  capab i l i t y  poss ib l e  when t h e  more extreme 
abor t  procedure discussed i n  sec t ion  4 .2  i s  used (namely SM j e t t i s o n )  
i s  discussed i n  appendix B. 
c e r t a i n  problems e x i s t .  However, because an SPS f a i l u r e  could be 
ca t a s t roph ic  i n  t h e  c r i t i c a l  region of t h e  LO1 burn un le s s  add i t iona l  
c a p a b i l i t y  i s  provided , d a t a  f o r  both procedures are included.  

For both  of t h e  a l t e r n a t e  abor t  procedures,  

4.5 Varia t ion  of Abort Capabi l i ty  Throughout 
J u l y  21, 1969 , Launch Window 

The v a r i a t i o n  i n  abor t  requirements during LOI, as launch i s  
delayed during a t y p i c a l  d a i l y  launch window i s  b r i e f l y  descr ibed i n  
t h i s  s ec t ion .  The d iscuss ion  i s  l i m i t e d  t o  t h e  mode I and mode I1 abor t  
requirements because t h e  gap region between t h e  modes i s  of primary 
importance. The mode 111 abor t  AV i s  we l l  below t h e  DPS AV ava i l ab le ;  
t h e r e f o r e , . i t s  s l i g h t  v a r i a t i o n  i s  not included. 

The mode I and mode I1 abort AV f o r  7 2 O  and 108O launch azimuths 
The f o r  both oppor tun i t i e s  a r e  presented i n  f i g u r e s  l l ( a )  and l l ( b ) .  

mode I1 so lu t ions  are based on t h e  nominal AV 1 
The r e s u l t a n t  t imes t o  pe r i lune  and pe r i lune  a l t i t u d e  of t h e  intermediate  
e l l i p s e s  a r e  shown i n  f i g u r e  l l ( c )  and l l ( d ) .  
very  s m a l l  v a r i a t i o n  i n  abor t  AV which does not s i g n i f i c a n t l y  change 
t h e  appl icable  abor t  mode regions. Also,  t h e  t ime t o  pe r i lune  of t h e  
mode I1 intermediate  e l l i p s e s  var ies  only wi th in  1.5 hours throughout 
t h e  launch window, F i n a l l y ,  t he  pe r i lune  a l t i t u d e  of t h e  mode I1 i n t e r -  
mediate e l l i p s e  drops below 40 n. m i .  f o r  launches l a t e  i n  t h e  launch 
window i f  an SPS f a i l u r e  occurs e a r l y  i n  t h e  mode I1 region .  I n  t h i s  
e a r l y  mode I1 region ,  however, a mode I abor t  would have been attempted. 

curve shown i n  f i g u r e  g ( a ) .  

The ne t  r e s u l t  i s  a 
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4.6 Abort Capab i l i t y  f o r  a September 13, 1969, Hybrid 
Lunar Mission ( 7 8 O  azimuth, f irst  oppor tun i ty )  

I n  t h i s  s ec t ion ,  t h e  LO1 abor t  requirements are summarized f o r  
another  t y p i c a l  launch d a t e  i n  t h e  Apollo 11 (Mission G )  launch window. 
Note, however, t h a t  t h e s e  d a t a  a l s o  apply t o  a nominal launch da te  of 
t h e  G-2 mission which would be flown i f  a luna r  landing does not occur 

, on Apollo 11 (Mission G ) .  

The instantaneous conic parameters during t h e  LO1 burn f o r  a 
September 13,  1969, launch a r e  shown i n  f i g u r e  1 2 .  The 15-hour period 

which de f ines  the  s t a r t  of t h e  mode I11 region occurs a t  2 54 
L O 1  burn. The LO1 AV magnitude i s  shown i n  f i g u r e  13 as a func t ion  of 
SPS burn t ime .  The FCUA abor t  AV necessary f o r  a b o r t s  throughout t h e  
LO1 burn i s  shown i n  f i g u r e  14. For t h i s  LO1 burn,  t h e  region i n  which 
DPS c a p a b i l i t y  does not e x i s t  i s  very s m a l l  (8 s e c ) ,  because t h e  hybrid 
t r a n s l u n a r  t r a j e c t o r y  i s  much nearer  a f r ee - r e tu rn  t r a j e c t o r y  than  t h e  
t r a j e c t o r y  f o r  t h e  J u l y  2 1 ,  1969, hybrid mission ( s e c t i o n  4 . 4 ) .  
l a r g e s t  APS AV required i s  70 f p s  or a burn of approximately 44 seconds 
du ra t ion ,  but  for a AV of t h i s  magnitude, R C S  c a p a b i l i t y  would probably 
e x i s t .  

m s  i n t o  t h e  

The 

A r e t u r n  t o  t h e  MPL would be p r e f e r r e d ,  however, and t h e  AV require-  
ments a r e  shown i n  f i g u r e  15. By comparison of t h e  FCUA and MPL d a t a ,  
t h e  AV penal ty  can be assessed.  

r e t u r n  would be 330 f p s  o r  a burn of approximately 3m16S dura t ion .  

The maximum APS AV required f o r  an MPL 

The GETL f o r  t h e  FCUA mode I and mode I1 a b o r t s  of f i g u r e  14 are 
The GETL t h a t  corresponds t o  MPL and AOL r e t u r n s  shown i n  f igu re  1 6 .  

are ind ica t ed  i n  f i g u r e  15 .  
t h e  f i g u r e  can b e  used t o  e s t ima te  an a l t e r n a t e  landing a r e a  c l o s e r  t o  
t h e  FCUA re tu rn  point  i f  abo r t  AV i s  t o  be minimized. 

I 
Although t h e  MPL r e t u r n  would be p r e f e r r e d ,  

The c h a r a c t e r i s t i c s  of t h e  mode I1 abor t  r equ i r ed  f o r  a September 13, 
1969, mission a r e  shown i n  f i g u r e s  l 7 ( a )  through l 7 ( d ) .  
burn AV magnitude i s  shown i n  f i g u r e  l 7 ( a )  as a func t ion  of LO1 burn 

t ime. 
burn a f t e r  a second DPS burn which used t h e  remaining DPS p r o p e l l a n t .  
Although t h e  mode I1 f i r s t  burn i s  nominally a t  LO1 i g n i t i o n  p l u s  2 hours,  
t h e  maximum allowable t ime t o  delay abor t  i g n i t i o n  i s  shown i n  f i g u r e  1 7 ( b ) .  
For delays l a t e r  than t h i s  maximum t ime,  a p e r i l u n e  a l t i t u d e  of l e s s  than 
40 n. m i .  or a t ime t o  pe r i lune  of g r e a t e r  t han  40 hours would r e s u l t  i n  
t h e  intermediate e l l i p s e  i f  t h e  nominal AV were appl ied.  However, if a 

The c o r r e c t i v e  

Note t h a t  FCUA mode I1 abor t s  p r i o r  t o  1m58s would r e q u i r e  an APS 
I 

1 
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c o r r e c t i v e  maneuver t o  pe r i lune  and t h e  p e r i l u n e  a l t i t u d e  of t h e  i n t e r -  
mediate e l l i p s e  a r e  shown i n  f igu res  1 7 ( c )  and 1 7 ( d ) .  
f o r  a c o r r e c t i v e  maneuver i n i t i a t e d  at  2 hours and a t  5 hours p a s t  LO1 
i g n i t i o n .  
as t h e  abor t  i s  delayed,  but  t h e  primary e f f e c t  i s  a reduct ion  i n  pe r i -  
lune  a l t i t u d e .  

Data a r e  shown 

It can be seen t h a t  t he  t ime t o  p e r i l u n e  i s  s l i g h t l y  a f f e c t e d  

The mode I abor t  and mode I1 c o r r e c t i v e  maneuver i g n i t i o n  t imes  
are determined by LM a c t i v a t i o n  t imes because an e a r l y  burn i s  d e s i r a b l e .  
However, t h e  mode I1 second DPS burn and mode I11 abor t  i g n i t i o n  t ime 
are determined by t h e  per iod o f t h e  l u n a r  o r b i t  achieved and a r e  shown 
i n  f i g u r e  18. 

To summarize t h e  LO1 abor t  c a p a b i l i t y  f o r  a September 13 ,  1969, 
hybrid lunar  mission,  t h e  LM propulsion systems have t h e  performance 
c a p a b i l i t y  t o  r e t u r n  t h e  spacecraf t  t o  e a r t h  for an SPS f a i l u r e  a t  any 
t ime during t h e  LO1 burn. However, t h e  DPS cannot provide t h e  necessary 

AV i n  a reg ion  from lm5OS t o  1 58 
t h e  APS has t h e  a d d i t i o n a l  performance c a p a b i l i t y  requi red  t o  abor t  i n  
t h i s  c r i t i c a l  reg ion  of t h e  burn. 

m s  i n  t h e  burn. It has been shown t h a t  

4.7 Typical  Hybrid Mission LO1 Crew Chart 
( J u l y  21 , 1969, 72' azimuth , f i r s t  oppor tuni ty)  

A crew c h a r t  t o  be used during LO1 t o  provide an immediate abor t  
c a p a b i l i t y  (LO1 i g n i t i o n  p lus  1 5  min) i f  SPS problems a r e  ind ica t ed  w a s  
d i scussed  i n  sec t ion  8.2.9 of re ference  1. Because t h e  nominal J u l y  16,  
1969, f r ee - r e tu rn  lunar  mission was considered i n  re ference  1, only t h e  
d i f f e rences  encountered i n  t h e  use of t h e  c h a r t  f o r  a hybrid mission a r e  
presented  here .  

The crew cha r t  i s  shown i n  f i g u r e  19.  The region of t h e  burn i n  
which a DPS backup i s  not ava i lab le  ( s e c t i o n  4 . 4 )  i s  ind ica ted  on t h e  
f i g u r e .  Two major d i f f e rences  i n  t h e  use  of t h i s  cha r t  f o r  a hybrid 
mission a r e  as fol lows.  

1. The AV requi red  at t h e  s t a r t  of t h e  LO1 burn (DVM = 0 f p s )  i s  
650 f p s  compared t o  0 f p s  f o r  a f r ee - r e tu rn .  

2 .  Manual shutdown and use of t h e  15-minute c h a r t  i s  not recommended 
f o r  t h e  reg ion  i n  which a DPS backup i s  not a v a i l a b l e .  A s  an i l l u s t r a t i o n ,  
if an SPS problem were apparent a t  a DVM = 500 f p s ,  cont inua t ion  of t h e  
burn t o  t h e  DPS mode I1 region  (DVM = 860 f p s )  would r equ i r e  360 f p s  of 
SPS AV compared t o  a 15-minute abort AV of 1300 f p s .  I n  o ther  words, 
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From t a b l e  11, it can be seen t h a t  as t h e  f r ee - r e tu rn  pe r i lune  
a l t i t u d e  ( p r i o r  t o  t h e  hybrid midcourse) increases  t h e  abor t  AV requi red  
(from t h e  hybrid t r a j e c t o r y )  a l s o  inc reases .  However, another  important 
v a r i a b l e  t h a t  a f f e c t s  t h e  abor t  AV i s  t h e  l a t i t u d e  of t h e  f r ee - r e tu rn  
pe r i lune .  I t s  e f f e c t  i s  shown i n  t h e  case  of t h e  September 13, 1969, 
hybrid mission f o r  which t h e  r e l a t i v e l y  low 100-n. m i .  f r ee - r e tu rn  
pe r i lune  a l t i t u d e  s t i l l  i s  accompanied by a l a r g e  abor t  AV. This  l a r g e  
AV i s  t h e  r e s u l t  o f  t h e  per i lune  l a t i t u d e  of t h e  f r ee - r e tu rn  t r a j e c t o r y .  
Although t h i s  l a t i t u d e  i s  optimum f o r  t h e  hybrid t r a j e c t o r y  from an SPS 
s tandpoin t ,  it causes a l a r g e  abor t  AV. The r e l a t i o n s h i p s  of t h e  var ious  
t r a j e c t o r y  parameters such as pe r i lune  a l t i t u d e  and l a t i t u d e  can be 
explained only when more LO1 burns a r e  evaluated.  I 

manual shutdown i s  not recommended f o r  a reg ion  i n  which no DPS backup 
i s  a v a i l a b l e  because a much smaller AV i s  r equ i r ed  t o  a s su re  a DPS backup 
than  i s  r equ i r ed  t o  i n i t i a t e  a 15-minute abor t .  

The procedures f o r  use of t h e  15-minute c h a r t  a r e  contained i n  
r e fe rence  1 and are  not repeated he re .  Note t h a t  t h e  gimbal angles  a r e  
not contained on t h e  prel iminary crew c h a r t  i n  f i g u r e  19 because a luna r  
landing  s i t e  REFSMMAT w a s  not a v a i l a b l e  a t  t h e  d a t e  of pub l i ca t ion .  The 
landing  p o i n t s  associated with s p e c i f i c  LO1 shutdowns a r e  included i n  
t a b l e  I. 

! 

4.8 Summary of LO1 Abort Requirements as a Function 
of Hybrid Tra jec tory  C h a r a c t e r i s t i c s  

The FCUA abort requirements f o r  t h e  e n t i r e  LO1 burn w e r e  shown f o r  
t h r e e  s p e c i f i c  cases:  
J u l y  21, 1969, launch (hybrid mis s ion ) ;  and a September 13, 1969, launch 
(hybr id  mis s ion ) .  The purpose of t h i s  s e c t i o n  i s  t o  summarize LO1 abor t  
requirements and t o  attempt t o  r e l a t e  them t o  t h e  geometry of t h e  t r a n s -  
l una r  t r a j e c t o r y .  

a J u l y  1 6 ,  1969, launch ( f r e e  r e t u r n ) ,  a 

The FCUA abort  AV f o r  t h e  t h r e e  s p e c i f i c  LO1 burns a r e  summarized 
i n  f i g u r e  20. The mode I abor t s  and mode I1 c o r r e c t i v e  maneuvers a r e  
i n i t i a t e d  a t  LOIIG p lus  2 hours. 

abor t  mode appl ies .  A s  i nd ica t ed  i n  previous s e c t i o n s ,  t h e  gap reg ion  
between mode I and mode I1 increases  as t h e  FCUA abor t  AV f o r  t h e  
no-LOI-burn case inc reases .  A summary of t h e  abor t  AV requirements f o r  
an SPS f a i l u r e  a t  LO1 i g n i t i o n  i s  presented  i n  t a b l e  I1 f o r  var ious  
hybrid launch dates ( r e f .  3 ) .  The t ime of i g n i t i o n  i s  assumed t o  be 
2 hours p a s t  nominal LO1 i g n i t i o n  and i s  determined by t h e  LM a c t i v a t i o n  
t imes .  Included i n  t h e  t a b l e  i s  t h e  pe r i lune  a l t i t u d e  of t h e  i n i t i a l  
f r ee - r e tu rn  t r a j e c t o r y  p r i o r  t o  t h e  hybrid midcourse maneuver. 

The b a r  cha r t  i n d i c a t e s  where each 

4 
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11 

5.0 CONCLUSIONS 

The primary d i f f e rences  between t h e  LO1 abor t  requirements for 
f r ee - r e tu rn  and hybrid missions a r e  presented.  Depending on t h e  launch 
d a t e ,  a region may occur i n  t h e  LO1 burn i n  which a DPS re turn- to-ear th  
maneuver i s  not poss ib le  because of high AV requirements.  
reg ion ,  however, t h e  APS has t h e  necessary AV c a p a b i l i t y  t o  complete t h e  
DPS a b o r t .  

I n  t h i s  

. 
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L O 1  av Abort AV, 
DVM, fps fPS 

0 655 

282 10 11 

572 1401 

871 1823 

1178 2275 

1496 2759 

TABLE I.- LOI  MI MINUTE CREW CHART RESULTS 

Landing conditions 

Latitude, Longitude, 
deg:min N deg:min E 

17:35 52:18 

18  : 17 53:07 

19:05 54: 59 

19 : 58 57 : 40 

20 : 58 61: 11 

22 : 05 65 : 30 

LO1 burn time, 
min: sec 

0:oo 

0:40 

1: 20 

2:oo 

2: 40 

3:20 

. 
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Fr e e -ret urn 
h-, n. m i .  

V 

No-LO1 burn 
(LOIIG) plus 2 h r )  

TABLE 11.- SUMMARY OF DPS AV AND PERILUNE ALTITUDE OF THE 

800 

550 

.. 

942 5 

609.5 

D a t e ,  
m o n t h  : day 

10 0 

350 

1400 

7-21 

8-14 

8-16 

8-20 

9-13 

9-15 

9-18 

431.5 

1176.5 

1579 

FREE-RETURN PHASE FOR SPECIFIC HYBRID MISSIONS 

abort AV, fps P 

I 

975 

400 

1011.5 

828.5 

Time of a b o r t ,  
tD’ h r  
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APPENDIX B 

LO1 ABORT CAPABILITY FOLLOWING SM JETTISON 

(July 21 1969 hybrid mission) 
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APPENDIX B 

LO1 ABORT CAPABILITY FOLLOWING SM JETTISON 

( J u l y  21, 1969, hybrid mission) 

The region of t h e  LO1 burn i n  which a normal DPS backup t o  an SPS 
f a i l u r e  i s  not  ava i l ab le  w a s  discussed i n  s e c t i o n  4.4.  It was  shown t h a t  
use of t h e  APS engine a f t e r  a DPS burn and descent s t age  j e t t i s o n  can 
provide t h e  necessary AV f o r  t h e  return- to-ear th  maneuver. 

The only o ther  procedure t h a t  can successfu l ly  r e t u r n  t h e  spacecraf t  
t o  e a r t h  involves j e t t i s o n  of t he  SM p r i o r  t o  t h e  DPS burn. 
cons t r a in t  on t h i s  procedure i s  t h e  t r a n s e a r t h  f l i g h t  t ime following SM 
j e t t i s o n  because t h e  LM would be requi red  t o  provide t h e  consumables 
normally provided by t h e  SM. Therefore, t h e  da t a  presented i n  t h i s  
s ec t ion  a r e  l imi t ed  t o  an ana lys i s  of t h e  minimum t r a n s e a r t h  f l i g h t  t i m e  
poss ib l e  f o r  e a r l y  LO1 shutdowns i n  t h e  c r i t i c a l  region.  

The primary 

Previous analyses  have indicated t h a t  such a procedure may be feas-  
i b l e  i f  r e t u r n  t imes of 40 hours a r e  poss ib l e  a f t e r  SM j e t t i s o n .  
t ime from DPS abort  t o  landing f o r  a J u l y  21, 1969, mission (72' azimuth, 
f irst  opportuni ty)  i s  shown i n  f igu re  B-1. It can be  seen t h a t  f o r  LO1 

shutdown p r i o r  t o  lm3OS, t h e  TAZ decreases  as t h e  DPS abor t  i s  delayed. 
However, f o r  l a t e r  LO1 shutdowns, t h e  t r a j e c t o r y  i s  such t h a t  t h e  TAZ 
increases  as t h e  abor t  i s  delayed. 
which i s  approximately t h e  DPS AV ava i l ab le  following SM j e t t i s o n .  

Therefore,  it i s  shown t h a t  a r e l a t i v e l y  shor t  r e t u r n  t ime i s  

The 

I n  a l l  cases ,  t h e  abort  AV = 4500 f p s  

I 
poss ib l e  when t h e  SM j e t t i s o n  procedure i s  used. 
procedure i s  considered opera t iona l ly  f e a s i b l e ,  an ana lys i s  of consumable 
problems and con t ro l  problems assoc ia ted  with t h e  DPS burn must be 
inves t iga t ed .  

However, before  t h e  
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